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ABSTRACT |

Brine shrimp (Artemia) are not norinally found in lakes with less than 50 g.L* salt
(Salton Sea, 40 g.L"" Manito Lake, 29 g.1*) and are absent from some hypersaline lakes (Big .
Quill Lake, 84 g.L"). Brine shrimp were grown from eggs in filtered waler and from
mating pairs jn waters from the Salton Sea,(40, 80 B-L") and Big Quill Lake (48, 84 g L"),
Mating pairs also.produced young in a 25% dilution (28 gL'} of Little Manitou Lake water
(111 g.17) and Manito Lake water (29 g.1.%). Survival was normal at salinities of 38 gLt
or higher but at lower salindties adults died presmaturely and young grew very slowly.
Watcr chomisiry probably prevents brine shritnp colonization of lower salinity lakes.

In lakes with salinities pf 40 gL or more, naturs] predators probably prevent the
establishment of drtemie. Diract observations of invertsbrates cephuring and feeding on
brine shrimp were made. Cyclops dimorphus’ and  Trichocorixa reticulalze, natural
inhabitants of the Salton Sea, are predators of Artemia nauplii. Residents of Canadian
saline lakes, Diaptosmus connexus, D. nevadensis and Cyelops thomasi, are excellent predators
of brine shrimp nauplii. Trichocorira interiores and Enallagma clausum consume youn
Artemia rapidly, In unfiltered Big Quill Lake {48 or 84 g.L') or Manito Lake (29 gl
water containing orly Diaptomus cormexus and Cletoramptus albuquerquensis, hatching
Artemia did not survive, but in filtered Big Quill Lake water brine shrimp developed from
eggs to maturity. C albuquerquensis apparently prevented Arfemiz papulations from
developing but was never seen eating brine shrimp.

INTRODUCTION

This study was initisted after the junior author speculated on the absence of the brine
shritnp, Arfemia salina, in waters of lower salinitigs jn the Bolivian Altiplano, Hurlbert et
al. (1984) stated that the Altiplanc Jakes contained the calanoid copepod Boeckella pocpoensis
Marsh or Artemia salina with the latter sccurring only at higher salinities, i.e., above 60
&L’ Hurlbert et al. (1986) suggested that predation by B. poopoensis probably excludes
Artemin from lawer salinity waters which the former ¢an tolerste. Croghan (1958b) found ‘ .
that Artertig can survive in waters substantially lower in salinity than those where the . “
species is usually found. The senior author has found Arfemia in Alberta in Gooseberry -
Lake at 33 g.L" and in Ribstone Lake (35 g.L") and in British Columbia in Geodenough
Lake at 38 g1 but these are unusual occurrences. In the three western Canadlian
provinces brine shrimp are usually present in lakes with salinities greater than 50 g-L%,
1. e, hypersaline Saskatchewan Inkes such as Big Quill Lake ranging in salinity from 40 to
85 g1 do not have brine shrimp. Mesosaline lakes (20-50 g-L" salt}, such as some on the
Bolivian Altiplano or the Salton Sea in California, also have no brine shtimp.

A pre]iﬂﬁnary study by the senior author showed that Big Quill Lake {Saskatchewamn)
waler filtered through 76 pun mesh netting supported brine shrimp from hatching to

' Cyclaps dimorphus Kiefer is & synonym for Apocyclops dengizicus (Lepeschkin).
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maturity, In unfiltered Big Quill Lake water containing Diaptomus (Leptodiaptormus)
connexus Light and Cletocarnptus albuquerquensis (Hexrick), there were never any Artemia,

Scudder (1966) reared Cenocorixa bifida hungerfordi Lansbury and C. expletz Uhler on
Artemia adults and subadults, Trichocoriza verticalis interiores Sailer is a common corixid
in Canadian saline lakes but accurs in very low numbers in lakes with brine shrimp. The
Salton Sea contains the corixid Trichacoriza reticulata (Guerin-Meneville).

Experiments were designed to determine which invertebrates present in some North
American saline waters were potential predators of Artemia. The rate of predation was also
investigated, The related problem of salinity tolerance by Artemia as determined by

. Feproductive success was axplared.

The accepted practice is that the North American species of brine shrimp is now

' referred to as Artemis franciscana Kellogg, 1906 (Belk and Bowen 1930); Browne and Bowen

1991). We will simply use Ariemvia since the species of the source material may be
questionable. . ‘ :

Each population of shrimps was grown in different dilutions of the source water so

the salinity varied but the reiative ionic composition was maintained, Eack population of _

shrimps wes tested with predators native to the source water.
MATERIALS AND METHODS

Salton Sea watet (42 g.L” salinity as messured with a Reichert refractometer) was
filtered through 35 pm mesh netting to remove arthropods but leaving some algae,
bacteria and protozoans. San PFrancisco Bay Brand Inc. brine shrimp eggs were used to
initiate cultures following recommended procedures of placing eggs in distilled water for
an hour before addition to culture media. However, eggs hatched successfully when
placed direcily in 40-80 g.L* of Balton Sea derived water. Cultures were established in 50
mL vials, 750 ml Ehrlenmeyer flasks and 3 L battery jars. The culhie containers were
covered to prevent evaporation. They were illuminated with two 20 watt cool white
fluorescent or GrowLux tubes in order to maintain natural algal populations as foed for
the shrimp. Ae¢ration was not used to agitate the cultures as it was found to be
urnmecessary. .

Cyclops (Microcyclops) dimorphus Kiefer (900-1100 pm) from the Salton Sea were added
to cultures containing young brine shrimp. Interaction of brine shrimp naupiii and
metanauplii with Cyclops was observed cantinuously for an hour and intermittently for 2-3
‘hours in a tissue culture slide (1.6 cm diameter, 0.5 cin deep) with a Wild M8 Sterecscope.
Numbers of each group of organisins were varied bul usually 1 or 2 adult cyclopoids wera
used with 3 to 25 brine shrimp. The interactions were allowed to continue for 2-3 days
and then observed again,

. ©ne ar two T. reticulata (10804000 ) from the Salton Sea were placed in 2 5 cmn
diameter 5 mm deep dish with up to 35 Artemis nauplii. For different expetiments Artemia
ranged from newly hatched nauplil averaging 433 yn long to week old shrimp (X = 2318
um}. Observations made were similar to those for Cyclops-Artemia interactinne. Tissue
culture slides were used for smaller corxids.

.+ San Francisco Bay Brand eggs were initally used to produce Artemia nauplii as prey
for potential predators from Saskatchewsn saline lakes. Laler, eggs from Chaplin and
Little Manitou lakes were used to initiate cultures. These Saskalchewan eggs haich
optimally at 5 g.L” salt (Vanhaecke and Scrgeloos 1983). Therefore these eggs were first

2

Y




B4/08/2802 17:27 6195945676 BIOLOGY DEPT SDSU

placed in distilled water, then the mix was introduced on the surface of Saskatchewan
saline lake water media The predators used were Trichocarixe verticalis intetiores Sailer from
Big Quill Lake (48 gL, Sayer Lake (28 g.L'), and Waldsea (20 8L"); Enallagma clausum
Morse (from Waldsea Lake); Diaptomus comnexus from Manito Lake (2% gL' D
(Mesperodiaplomus) nevadmsis Light and Cyclops ( Diacyelops) bicuspidatus thomusi S. A, Forbes
fram Sayer Lake (28-gL™); and Cletocamptus olbuguerquensis (Herrick) from Big Quill Lake

{48 and 85 g.L""). Techniques for cbservation of predation were similar to those used for ' :: -

Salton Sea predators.

Longer term expetimerits,in\rol'ving the actions of two Salton Sea predators on brine
sheimp (size givén as mean values) were established as follows.

Experimenis Medis Artemia FPridator Pursifen
Replicatys Salinity Valume Muber Sizx Mumber Spacies days
1 5 42 gL 43mL 125 BZ3 pn 2 C. simarphus 8
2 3 N 500ml, s 823 I T. reticuaiats 519
3 ! 500mL 7% 823 H C. dimuorphus 19
3 - S0Cunl. 275 823 9 %
2 L] " 2ooomL 000 823 ] . dimorphus 2637
q 3 dogl 1800mL 1 motirg pr 4,120 €. dimorphus LH]
3 Bogl 1000mL 1 mating pr 4,130 C. dimarpiius i H
5 L g1, 30¢m). 00 ekge e iooo . dimgrpdus "
i B gl HamL 00 eggs W00 | C. eimorping n

Effects were periodically observed visually or by taking subsamples, killing the fauna with
formalin, and counting them. At the end of the expetriment ali the pertinent fauna in each
container were killed and counted. In Experiment 3 bkwo of the replicates were allowed to
evaporate to deterrmine the effect of higher salinity on predator-prey interactions. The
effects of two different salinities (40 and B0 g.L.*) were further examined in Experiments
4 and 8.

The sffects of different salinities and dilutions of Saskatchewan lake waters as well as
filtered (76 um mesh) and unfiltered waters on Artentia growth and predation were
exaniined,

The success of Artemiz in Salton S¢a water was determined by long-term experiments

to determine growth rates and maturation times starting with eggs or nawplii or siating
pairs. The production of eggs, mating, and the production of young were used to -

determine success in a particular medium with or without the presence of predators.
Waters from a variety of Saskatchewan saline lakes were similarly examined. Mating pairs
of Artemia weare obtained from Buirke Lake (89 g.L™) and Little Maritou Lake (111 gL,

A Beta videotape of Saskatchewan predators feeding on Artemia was produced with
2 Bony Camera Adaptor, a Sony MF Triniton Colgur Video Camera, a Sony Videa Cassette
Recorder, 2 Philips Colour Manitor, and & Zeiss Stemi'SVB microscope.

RESULTS

Artemia was highly successful in Safton Sea water (42 g, L) hatching a day after eggs
(230 pm diameter) were added, reaching maturity in as little as 17 days, and then
successfully reproducing. Newly hatched nauplii were 430 pm Jong.

Table 1 summarizes the experiments invelving predation of young Artemia by Cyclops
dimorphus and Trichocoriza reticulata from the Salton Ses. Adult Cyclops (1070 um long)
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appeared to ignore or even avoid young brine shrimp for periods of 3-15 minutes after
they were placed together, although sometimes no attacks occurred during an hour of
observation. Stalking of prey took place after some initia) period of relatively random
activity. Artemia nauplii were usually seized by the posterior end of the abdomen, by the
dorsa] thorax, or by the second antennae. Frequently a nauplius was released after being
partially eaten but was often eaten later. The highest frequency of attacks observed was
four attacks on 1140 pm nauplii in 13 minutes. Each was released soon after the attack
but 2]l died within 30 minutes. Two other Cyc<lops ate 11 (930 um) nauplii within 4.5
hours. The size of Ariemia predated ranged from newly hatched to three day-old shrimp
averaging 1340 pm (rangs 1170-1500 pm). No predation was apparent on brine shrimp
exceeding 1500 um in length. '

Table 1. Predation of Artemia utilizing water and patential predators (Cyclops (Microcyciops) dimorphus and
Tichacoviza reticulalag) from the Salton Sea, Callfornia. .

Pregator [] Size Artenyin Avg. Tirne v Eating Druration No.
{lam) o, L2 st time «atvh
{nm} caphyre
Trichocurixa 1 3.500 55 433 - 40 7 min Lhe 35
1 3500 16 1136 2 min 2in 7 min 1hr 15
1 3400 5 1,748 - . A e 3
H 28 - - 72hr 2
2 1.080 3 823 - - 48 hr k]
3 1,700+ 48 hr 3
z 1,260 F= 83 - - R k]
1 2,000 fal 133 - A iomin | dahy )
¥ 2,000 150 a%0 - - 23 hr 144
Cyclops 1 1070 L] 143 3 min 1 i 13 min Thr ]
1 1,00 5 1L.7w - - 2hr ]
1 147 3 <50 1& min A in 24 min 44 min 3
2 1.000 13 - 12 ntin 10 min a8 hr 13
i 1,070 n 927 - - 45 br 11
2 Lo -] 133 More 1 Note © 48 hr 1

Note 10 2 1,700 um Artemiiv left after &8 hr.

Figure 1. Predation of Artemia by (A} Trichocorixa verficalis intevinres, (B) Enallagme clausum, (C) Disptomus
rezadensis. Arreus indicalte the location of Artemria nouplii,

Trichocorixa, nymphs (1080 pm) to an adult 4000 pen Jong, caplured Arfemia ranging
in size from 430 to 2320 pm in length. The time to frst capture was as rapid as 2 minutes.
One adult corixid ate four 430 pm long nauplii in seven minutes and disposed of 35
nauplii over a 3-day period. it required seven minutes to seize and consume tHree 3-day
old Artemia (1140 wn). When a brine shrimp came in close proximity to the mouth of 2

‘corixid, it was seized with the front tarsi and transferred to the mouth (Figure 1). No

apparent hunting behaviour was ever observed. Usually the brine shtimp were consumed
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before another shrimp was seized. Almost all brine shrimp wete eaten over -ﬁeriods of
172 hours. Swnall nymphs ( 1000-1200 um) were relatively unsuccessful at capturing prey
in the 5 an dish compared to the small cavity (1.5 an diameter) of the tissue culture slide,

Table 2. Predation of Artemia mauplii by various Saskatchewen saline lake invertebrates,

Prodator Me. Sing At Aversge Time to 1t Eating Dwrmtion | Mo
{men} rumbey Bige caphure Lima eaten
(m)

Trichoirize 1 2,000 L} - 41 #in - 5 hr L4
o Neaiiy 1 130 7 g 2 min 21 o 3hr #
tnferiaras 3 1436 18 572 18 min 4 fnin 2 br 14

1 1.500 L} 2468 . - - & hr L

1 1,500 & 444,260 - . (314 [
Erailagma 1 15,800 1z w2 Smn 21 sec 4hr 1
¢lovsum 1 25,000 1% 650,250 - - 22 hr 12
Diinptomes 1 L0% 1o 780 - - Thr 0
COMRETIS F 1,500 1Y a0 - . & hr &
2. nrvadomas 2 2,940 1 4 BG min = 1 shin Jhr [
Cieinps ] 1,300 2a a5 83 min 1 min 35 £
thamas .

Dirptomnus connexus 1500 pm long captured and ate newly hatched Artemia but smaller
forms (1050 um) did not sttack brine shrimp which exceeded 780 um in length. D.
nevadensts, which is twice as large as D. connexus, readily attacked (Figure 1C) and ate
Artemia 670 pm long, Ingestion in one case took less than a minute, When brine shrimp
over 1000 um Jong were added to cultures containing D. newvadensis, the shrimp were
quickly eliminated. '

The cyclopoid copepod Cyclops thomasi which oceuss in many Canadian saline lakes
(Hammer unpubl.) also sttacks and eats small (470 prm) brine shrimp. The harpacticoid
Clefacamptus albuguerquensis also present in more saline lakes was riever observed to have
any effect on Arteria nauplii, However, when Atemia eggs were added in distilled water
to saline lake water with only this harpacticoid present, no living brine shrimp were ever
observed. Jf Cletocamptus was removed and Artemia eggs added, young brine shrimp
were observed within two days. o

Experiment 1 (Table 3) showed little difierence between numbers of Arfemia after 8
days (about 10% survival) even when one vial had no cyclopoids remaining. Mortality
was high over the first day (14-48% in 5 replicates and 90% in'the 6th). After 5 days the
6th replicate had only 3 Arteria left and was the only vial which stil] had two cyclopoids.
The control stil had 80 Artemia en day 5.
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Experiment 2 (Table 3) tested the survival of 125 Artemia with either 2 Trichoogrizg
nymphs or & Cyclops in unfiltered Salton Ssa water. More bring shrimp survived when
corixids were added than when cyclopoids were the predators. Many Cyelops were Present
in both systems when the experiment was terminated. The fitered controls alt had many
more Artemia than the systems with the predator added. o

Table 3. Experiments on Artemtia (323 um) predution by Sallon Sea inverlebrates, Salton Sea water f42.g.L")
was uied as medie, :

Experiment Wardiun, Aviemin | Pradoiors added Erd galindty . | Dumstion | Mumbers cbserved
Replicate voluma added — ' tdeps}
Cydops | Trichmrerine Aremin | Copixd Cydops
14 45 ml 125 1 0 ] W R
B flreved . H] a A 12 1
< " . 2 [ a L 1
2] . . i Q ] I 1
E - - F [1] 8 1 0
F v - 2 -] 5 3 2z
conbrol " - [+] |1} 5 ] 13
2a 560 ml, U5 3 z 19 10 1 oany
B unfilered | - 0 z 5 0 1 wsny
c “ - P 2 ig b 1] [ meny
-] " - € ] W 7 Mhany
E " - s [ 1 [ any
4 M - & 0 19 1 many
G 500 mL - /] 1] 1] n
H Altered . [ L] b ] 20
1 " . b g L x
34 L &000 & [ @8 gLy 26 1l 19
] ltaed . o ] 78 gL % 17 0
[ . 0 [ (35 gLy 7 0% B
D » - 50 2 15 gLy % 111 a

Experirment 3 (T'able 3} tested the interaction of large numbers of Arfemiz and Cyclops.
In the replicates which retained the criginal salinity, Artemig numbers were reduced to
about 2% of the initial populations after 26 days. Much Cyclops reproduction eccurred in
replicate C which was terminated 11 days after replicate A. Two of the four battery jars
were allowed to evaporate and thus concencrate the salts. After 26 days the salinity had
increased to 78 and 125 gL and no Cyclops survived, but Artemia populations were similar
to those in Salton Sea salinities.

Takle 4, The inleractive gffects when Cyclops and mating pairs of Artemia are sdded to medio of two different
salinities demived from the Salten Sea,

Mudie Cyclops Chmerved Crganjans Fresend

Expi
Raps Number
Salinity Volume witer 4 dwys after §1 days

A oLt 1t ’ 1 pr Artitnia 2 ¥, 24 3 young Ariemie, 3 Cy-

B @ 1 pr Artgrix |«

< o 1 pr Artemia 2 0.3 & 5 young, Ariemis, § Cy-

D ag gLt 5L 4 1 pr, 980 vewplii efops

¥ : 12 1 pr2nd naupli . 29,1 & 4 Young Artemis,55 nau-

F [ 1. pr Artemia i

" # aduit Cyelops, Cyelopr rauplh

16 adult Cyclops, Cyelops neuplis
DR, 2w 3 Artomie nauplii (490
pm) .
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8 Arfemia was added to each replicate of two
eifects of two salinities and Cyclops on brine shrimp

After 4 days many nauplii appeared in the lower salinity jars but
young brine shrimp were present in the higher salinity jars. After
11 days young Artemis were present in the high salinity media and the low salinity control

salinity replicates. Cyclops were shill present

ery flask of experiment 5 a day after the eggs were
T concentrations of Ariemia were present in the high

salinity (80 g.L") than in the low salinity (40 g L) media, After 1] days the lowest

concentrations of brine shrim
the same variability between

300 mL 80 gL' media

p vccurred in the Jow salinity media. Nevertheless, there was
the controls and at least one of the replicates in each salinity.

300 ml 40gL"' media

a
10 Cyclops

2’
g 4

&

©w

<
2.
o.
10 Cyclops 10+
2 8
.E 6
£ o
2-

no Cvclons

' -

E

=

£

£

<L

a8 9 Artemig
{1760 prmj 1 Cychops

1 Cyclops

241 - 1Zuami:
(1780 urn) 11 Cyclops
3 ;

2 4 6 B

2 4 & 8 1o
DAY

Figure Z. The interactive control of Artemis poprulations by the pregence of Cyelops ditnorphus t two differen:
salivtities, Dafa in each block refer io the numbers gifve on day 9.

The rate of growth of Artemia was deter
water. Figure 3 illustrates the results,

mined under different salinities of Salton %ea
The brine shrimp grew more slowly at the lowest

salinity (38 g.L") and best at the intermediate salinity (78 g.L%).
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Table 5 summarizes the results of experiments relating to salinity tolerance of Artemia..
The most rapid rate of developmient from eggs to adulthood took place' in Salton Sea water,
with young produced s early as 20 days. Mated pairs produced young after only 1 day
into Blg Quill Lake water (84 g L") as early as 2 days after ifhtroduction in Salton Sea
water, and after 6 days in concentrated Salton Sea water and Manito Lake water (29 g.L)..

4400
36800
——
= 2800 -
= ;
L
% 2000 - —m— 7591
—L0— 1251
e 38gA
1200 A1
400 v hdl Al g | 3 bl T d 1 r
0 5 10 15 20 25 30

Time (days)

Figure 3. The growth of Arfemis in three different salinitics devived from the Seiton Sea water.

Table 3. Selinity tolerante of Artemia as expressed by survival, growth end reproductive siuceess i a variely
of natural or modified waters,

Lake Si.ll_'lll'y Ariemia Timete | ek Time' o I'..lrgzitﬁnrvi‘v:l
gLlh inocaliom SRS mating, first young Tiee = tdays)
Salton Ses . 2 L. 7 days 17 days 2a da . - >4
a0 maied pry | preamt | - 11 - - =11
{condentrated) | BO e pre | present | - B9 days . N : a1
Big Cui? 2 g . - - 1days | kT | <
B4 713 pm 5 oeys | 35 days + 25 daws IRI7um | 47
B4 610 ym 1 duys | 2] days - 14 days 10881 . 2%
&d mated prs | present - 1-15 days. - - oM
{diluted) 42 568 pm - - . 15 uys ST pm | a3
LiHie Memitoe | 11 mated pre | p G repraducts no raproductio . - »30
{dihated) 3B7 rmaled prs | present | no neproducien | a0 reproauction - - >3
{dSluted) 28 mated pry | presem | - 21 doys - - 230
Manito 294 450 pm - - - Todups | 20Fum | =23
294 matad prs | pregent | o £ dayn - + <23
Wildpes X 756 pt - - - Mdays | )35um | <20
0.1 mated s | prememt | - - - - | <2

* San Franpisea Bay Brawd; matad adulls from Livtke Menitow or Burke (88 g.L7)

TABLES
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Mated pairs only produced young (after 21 days) in the Jowest dilution (28 gL") of Little
Manpitou Lake water. Eggs appeared in ovisacs as early as 7 days after eggs were
introduced into Salton Sea water and 14 days after young nauplij wete placed in Big Quill
Lake water. Tn the most saline Big Quill Lzke water the largest shritmp (10881 am) grew

- from a young nauplius after only 14 days. Salinities half as great (4842 g.L"), either

natural or diluted Big Quil} Lake watet, produced shamp anly in the 5000-6000 Hm

© maximumn range after 15-19 days. At still lower salinities (Manito 29 g,L7 Waldsea 20

g.L"), brine shrimp grew much more slowly. In Waldsea water the size obtained jn 11
days was about equal to that in Salton Sea waler in three days. Mated pairs introduced
into Waldsea water failed to survive for even a day. In Manito Lake water females
succumb fairly quickly (2-3 days); males survived 12 to more than 16 days but were not
Present after'23 days,

DISCUSSION
Predation af Artemia

There appears to be little specific published information on Artemia predation,
Scudder (1966) used brine shrimp as food for corixids in culture. It is, therefore, not
surprising that the corixids Trichocoriza reticulata and T. interiores readily capture and
consume Artemia. What was surprising, however, was thet the Artemig nauplii had to
come in close proximity to the fore-tarsi of the corixid before they were selzed and
consurned. Larger corixids were capable of predating Artemia over ¢ min long. Since these
corixids may be abundant (up to 1000 m?) in salistities of 37-53 gL' (Sayer, Gooseberry,
Big Quill) (Hammer et al. 1930, they could have 2 considerable sffect on a newly

*-+ introduced population of driemis. The availability of the damselfly Enallagma which has

2 broad salinity tolersnce permitted us to show that it too is a potential predator of

" Artemia.  Even though it has a voracious appetite, its numbers are probably too small

(except in 37 8.1 Sayer Lake) to have much influence on a brine shrimp population.

Kristensen (1963) made the general statement that “a brine shrimp population will be
exterminated if certain fishes, cyclopoid copepods or rotifers enter the pond”. He stated
that two fish species (mollies) would eliminate brine shrimp from a pond "in 2 week or so”,

‘Bring shrimp are widely used as tropical fish food and in aquaculture, but salinities in

these systems are Jower than the ones we are concerned with. These waters, except for the

-« 3aRon Sea, generally do not have fish Populations. The Salton Sea has a number of species
" derived frotn the Gulf of California as well as a Tilapia species. Some Canadian prairie

lakes between 20 and 30 g.L* {¢. g,, Deadmouse, Waldsea) have Littoral populations of two
sticklebacks, Culaea inconstans (Kirtland) and Pungitius pungitius (L.) but Waldsea waters
were lethal to Arlemia, Y

Fryer (1957) cited Jurine {1820) as being the first to mention that ¢yclopoids were
predabirs. * Fryer's research showed that larger species of cyclopoids (Macrocyelaps,
Acanthocyciops, Cyclops, Mesocyclops) were carnivarous on cyclopoids, calancids, nauplii,
and some cladocerans. Two species of Macrocyclops attacked crustaceans in more than 50%
of attacks. However, he considered small species such as Microcyclops herbivores. In our
experiments C. (Microcyclops) dimorphus sttacked and ate Arfemia nauplii as large as itsqlf.
Kristejisen (1963) reported observing cyclopoid predation of Artemiz adulls and nauplii
under a microscope but did not identify the predators specifically. MeQueen (1969) found
that Cyclops themast (copepodids IV and V and adults) was a very effective predator of its
own nauplii, and those of diaptomids, eating more than 30% of the standing stock in
Marion Lake, B, €. These predatory activitles ¢haractetized this species when feeding on
brine shrimp naupli; in our experiments. Brand) and Fefnando (1978) founa that Cyclops

e picinus and Mesocyclops edax preyed on 23 and 12 species, respectively, including all species

o9
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of rotifers, copepods, and cladocerans coexisting with these predators. They generally
preferred. rotifers and larval stages of copepods (incuding thelr own) and some
tJadocerans. This type of predation would tend to allow the survival of large bodied
species (Kerfoot 1977) and presumably adults the size of Artemiz should coexist, Kerfoot
(1978) stated that predatory copepods are capable of sophisticated behaviour: sensing prey
approaching from a distance, judging approach angle and prey speed, and being able to
reorient during attack. Cyclopeids in our experiments appesred capable of such
behaviour, and could thus capture and handle Artemia nauplii successfully. '

Although Cletocamptus albuquerquensis was never observed to feed on brine shrimp
larvae, the latter never appeared when this harpacticoid was present. It may be that the
shrimp larva was eaten just after the shell of the cyst split when it was contained in a
delicate transparent membrane sac (Jennings and Whitaker 1941). Rotifers such as
Brachionus plicatilis Muller were also present but Kristensen (1963) stated that rotifers
compete with Arfemia for food and sometimes eliminate them competitively in some
scenarios.

Salinity tolerance

The results show that Artemia is capable of thriving in some lake waters where they
are now absent. These lakes vary from the sodium chloride waters of the Salton Sea to the
sodium {magriesium) sulphate waters of Saskatchewan lakes. Successful maturation and
reproduction took plice at salinities of 38 g.L* or higher. High levels of salinity (>100
L") were not Investigated. Hammer (1986) reviewed Artemia salinity tolerance. Brine
shomp occur naturally in highly saline Saskatchewan sulphate lakes (Whiteshore 308 gL
Muskiki 342 g.L*, Chaplin West 214 g.L"'), and in chloride lakes such as Great Salt (North)
Lake, US.A, (332 g.1.%, Post 1977); Laguna Colorado, Bolivia (292 g L, Hurlbert et al.
1964); and Lake Elton, USSR (260 g1, Zhadin and Gerd 1961}, Croghan (1958a) found
that Artemia survived indefinitely in 218 gL~ NaCl solution and were able Lo adapt to

- solutions of 0.26% NaCl to crystallizing brine (Croghan 1958b) due to jts efficient

asmoregulatory abilities.

The success of Arlemia in lower salinities in the natural environment (Gooseberry,
Ribstone, Goodenough) is probably related o water chernistry. These Jakes have relatively
high pH, from 9.6 to 10,9, and high alkalinities. Goodenough Lake had pH 10.3, 14.8 gL’
€Oy 5.6 g.L" HCO, with Artemia in May: and pH 109, 185 g.L" CO,, and 7.3 gL HCOQ,
but with no Artemiz in August 1990. Croghan (1958a) found that Arfemia could not tolerate
a M-NaHCO, medium; the bicarbonate jon was probably responsible for toxicity. This was
discounted by Cole and Brown (1967) who found Artemia in nsturally high carbonate
waters in Arizona, California, and Nebraska lakes. In western Canadian lakes, the
carbonates are usually subdominant and probably antagonized by other ions present.
However, when Lake Goodenough salinity rose from 38 to 44 gL through evaporative
concentration, Artemig disappeared. In 3-Mile Lake, which has lower pH and alkalinity,
Arlemia survived as the salinity rose from 50 to 109 g.L". Bowen (1964) found the Mono
Lake water (64 gL'} with pH 10 and high carbonate was Jetha] to Great Salt Lake brine

-shrimp, but supported an endemic species of Artemia. ,Such waters wire not avajlable for

experimental work but would be useful in assessing Artemia survivability to highly alkaline
waters. In our experiinents only Manito Lake water (28 g.L* TDS, pH »%56, 1.2 g1 CO,
2.5 g.L! HCO,) was available and Artemis survival was limited,

Doone and Baas-Becking (1931) found that the osmotic effect was completely
overshadowed by the chemical influence of particulsr salts. Sodium salts are most
favourable and Creghan (1958a) stated that only where “"sodium salts {principally NaCl)
predominate do Artemiz survive indefinitaly”. In western Canada this js usually the case
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but the dominant salt is often sodium sulphate with little NaC) present. Although
magnesiut salfs are predominant in some Saskatchewan lakes, these are usually lower in
salinity; i. e, < 30 g.L"' However, some saline Jakes which contain brine shritmp (Little
Manitou, Afoma) have magnesium present as the highest milliequivalent percentage of the

“cations. [t seems, therefore, thal Artemia can be successful in 4 broad range of natural
waters but salinity, cation, and apion ranges.in some types may limit the species. More
specific experimental work is required to establish these ranges.

Growth and davelopment.

Observations on growth and development were a by-product of studies of salinity
tolerance and predation. '

The latgest size reached was 10.8 mm after 14 days in Big Quill Lake water (84 g.L").
When 42 gL' Big Quill media was used the maximum size was only 5.8 mm in 15 days;
in the Manito Lake medium (29 g.L'") newly hatched. brine shrimp only reached 2 mm in
length after 16 days. Gilchrist (1960) found that a Californian brine shrimp stock reached
8 mm in average length in 23 and 31 days in 35 and 140 gL’ salinities, respectively.
Maximum sizes of 10.7 and 8.8 mm were ettoined after 47 and 44 days, respectively, in the
two salinities. -The growth rates in Saskalchewan lake salinities below 50 g.L* (Table 5)

" - appear to be slower than this although they compare favourably at higher salinities.

* Gilchrist {1980) found that twa stocks of Artemiq became sexually mahire in 15-17 days
in 35 and 140 g.L" salinity media. In our studies females with egg sacs appeared only 7
days dfter eggs were added to Salton Sea water (42 g.L"), but mating did not oceur for
another 10 days. Starting with day-old naiplii 14 days elapsed before femnales were
carrying eggs and 21 days before they mated in Big Quill media (84 gL} Times to
snaturity. appear to be fairly similar in these three studies.

The ¢ffect of different salinities on the time required by introduced mating pairs to
produce young is difficuli to interpref. No comparable data exist. It may be that mating
pairs vary considerably in their degree of maturity and this in tutn gives variable results
for time to first young. Our data are insufficient to warrant specific conclusions.

CONCLUSIONS

Predation by resident invertebrates such as corixids and copepods can probably
prevent the introduction and establishment of brine shrimp popilations in some saline
lakes. Brine shrimp eggs are easily frangported by birds and wind so there should be no
impediment to lahe access by Artemis. Although Salton Sea watets are amenabls to the

*successful growth of brine shrimp, many western Canadian waters below 40 g-L" are less
likely habitats unless they are high in pH and alkalinity. Marginal hebitats are probably
unsuitable if any predatoss are also present.
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